Background: In Asian patients, nasal deviation secondary to augmentation rhinoplasty may result from underlying bony asymmetry that was not corrected intraoperatively. Diagnosis and treatment of this condition are complicated by the masking effect of dorsal implants. Objectives: The authors applied computed tomography (CT) to examine the causes of nasal deviation after augmentation rhinoplasty. CT results were utilized in preoperative planning for revisional surgery. Methods: Fifteen women with nasal deviation after augmentation rhinoplasty and CT-confirmed bony asymmetry were included in a retrospective study. To correct nasal deviation, the authors performed revisional rhinoplasty with paramedian osteotomy and unilateral placement of extended spreader grafts at the concave side of the keystone region. For patients with concomitant glabella-radix deviation, implants comprising expanded polytetrafluoroethylene or autologous fascia were placed. Results: Of the 15 patients with nasal bony asymmetry, 14 had developmental keystone asymmetry, and 1 had osteotomy-induced keystone deviation. Six patients had developmental glabella asymmetry. Patients received follow-up for an average of 11.2 months (range, 6-24 months). Revisional procedures were considered successful in 13 patients; 2 patients required additional surgery to address residual nasal deviation. Conclusions: CT is valuable for the diagnosis of postaugmentation nasal deviation owing to underlying bony asymmetry. Paramedian osteotomy with extended spreader grafting at the concave side of the keystone area and correction of the glabella-radix deviation are effective procedures to reposition the nasal axis along the midline of the face.
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Asian patients often present with concerns of a wide nose with a flat and low dorsum and an underprojected tip. 1 Such patients may seek augmentation rhinoplasty. When this procedure is performed on a patient with nasal hypoplasia and mild or moderate nasal deviation, the deviation is unlikely to be addressed. Augmentation of a deviated nose can yield unfavorable results in which the appearance of the deviation is amplified.
In a retrospective study of Asian patients who underwent revisional rhinoplasty, an anatomic deviation of the upper two thirds of the nasal framework was found relatively frequently. 2 Patients who choose to undergo Dr Lee is a visiting resident, Dr RH Chang is an otolaryngologist (specialty in facial plastic surgery), and Dr YL Chang is a plastic surgeon in private practice in Taipei, Taiwan. revisional surgery to correct nasal asymmetry after augmentation rhinoplasty may benefit from a preoperative assessment of underlying bony structures that may have contributed to the deviation.
Septal cartilage deviation in an augmented nose can easily be detected by intranasal examination. However, asymmetries of the nasal bone or the glabella-radix region can be difficult to recognize, owing to the masking effect of the implanted material. In our practice, we recommend computed tomography (CT) to examine anatomic causes of nasal deviation after augmentation rhinoplasty. 3 Revisional rhinoplasty to correct a deviated nose is challenging, especially when deviation of the nasal axis is compounded by an asymmetric glabella-radix region. Herein, we describe a study of Asian women with nasal deviation secondary to augmentation rhinoplasty who received revisional surgery that was based on results of preoperative CT and photographic analysis.
METHODS

Patients and Study Design
From February 2015 to February 2017, 15 consecutive women with nasal deviation secondary to augmentation rhinoplasty were evaluated in a retrospective study. All patients desired revisional rhinoplasty primarily to address nasal deviation. All patients had underlying bony asymmetry detected by low-dose 3-dimensional (3D) CT conducted at a cooperating office. All primary rhinoplasties had been performed at other clinics. Exclusion criteria were refusal to undergo CT scanning and previous nasal procedures other than the primary augmentation rhinoplasty, such as filler injection or fat grafting solely for reshaping the nose. Patients were not excluded who received rhinoplasty with placement of an acellular dermal matrix (Alloderm) or dermal fat because these materials are considered to integrate into the skin envelope and do not necessitate excochleation before revisional surgery.
This study was approved by the ethics board of our clinic and was conducted in accordance with principles set forth in the Declaration of Helsinki. Approval from an institutional review board was not required because all products utilized were indicated for rhinoplasty. Each enrolled patient gave informed consent for the surgical procedures and for publication of photographs in the medical literature and/or for instructional purposes.
Preoperative Evaluation
Patients underwent a low-dose CT scan (NewTom 5G CT system; NewTom, Verona, Italy) for analysis of the nasal structures and underlying deviation of the bony nasal vault. Patient photographs were obtained and applied to image analysis software (Mirror Medical Imaging; Canfield Scientific, Fairfield, NJ) to assess the nasal surface, ascertain the midline axis of the nose, and simulate surgical outcomes. Results of these preoperative procedures were utilized in surgical planning.
Surgical Procedures
All surgical procedures were conducted under general anesthesia, induced intravenously. By means of open rhinoplasty, the previously implanted material was removed, and the nasal skin envelope was undermined. To correct asymmetry of the dorsal nasal axis-and, in some cases, of the glabella-radix region-1 or more of the following procedures were carried out. (1) To address a weak nasal tip, the base of the nose was stabilized with a columellar strut prepared from septal cartilage or autologous rib cartilage. 4 (2) Paramedian osteotomy was performed on the concave side of the keystone area to yield a symmetric keystone platform ( Figure 1A-C) ; when needed, this procedure was combined with additional osteotomy ( Figure 1D ). (3) Extended spreader grafts prepared from autologous costal cartilage or irradiated homologous cartilage were inserted as a wedge into the paramedian osteotomy site; this lateralized the concave nasal bone and produced a symmetric keystone platform (Figure 1 ). For patients with unstable septal support, an additional thin spreader graft was applied, without an extension on the other side. (4) If the patient also had an asymmetric glabella-radix region, this was addressed with placement of expanded polytetrafluoroethylene (ie, ePTFE; Gore-Tex; W.L. Gore & Associates, Phoenix, AZ) or retroauricular fascia. To achieve a smooth nasal contour, we sutured the ePTFE (Gore-Tex) to a dorsal composite implant of ePTFE-coated silicone (Implantech, Ventura, CA), as described previously ( Figure 2A ). 5 If the patient elected instead to receive autologous tissue, a combined graft of rib cartilage (for dorsal augmentation) and retroauricular fascia was prepared ( Figure 2B ). The autologous graft then was inserted in the subperiosteal plane with a guiding suture.
Postoperative Assessment
We defined a successful surgical result as one that did not require a subsequent procedure to further revise the nasal deviation. At follow-up visits, patients were asked to rate the surgical results as "greatly improved," "improved," or "fair."
RESULTS
The mean patient age (± standard deviation [SD]) was 31.72 ± 4.63 years (range, 23-40 years) ( Table 1) patients with nasal bony asymmetry, 14 had a developmental keystone deviation, and 1 had an osteotomy-induced keystone deviation that tilted the calcified rib cartilage graft on the dorsum (Figure 3 ). Six patients also had developmental glabella asymmetry. For 1 woman with a developmental keystone deviation, CT results indicated a "shadow" between the implant and underlying nasal framework ( Figure 4) . Needle aspiration at this site withdrew purulent material, indicating an occult localized abscess. This patient underwent explantation followed by revisional rhinoplasty in a second surgical session 6 months later. A unilateral extended spreader graft was placed in 3 patients, and bilateral spreader grafts were implanted in 12 patients. Four women underwent unilateral paramedian osteotomy only, whereas 11 received unilateral paramedian osteotomy, contralateral medial osteotomy, and lateral osteotomy of both sides of the nasal bone. Twelve patients received composite implants with glabellar and dorsal components that were prepared from ePTFE-coated silicone and ePTFE (Gore-Tex), respectively. 5 Three patients received autologous grafts comprising rib cartilage and fascia for augmentation of the glabella and dorsum.
Patients received follow up 3 months and 6 months postoperatively and at 6-month intervals thereafter. The mean duration (± SD) of postoperative monitoring was 11.2 ± 4.96 months (range, 6-24 months). At follow-up visits, patients were photographed and received a clinical examination.
Based on the 6-month follow-up visit, the authors and patients determined the aesthetic improvement. The authors considered all patients to have a "greatly improved" appearance. Ten of the 15 women indicated that their appearance was "greatly improved," whereas 3 stated that they had an "improved" appearance. The remaining 2 women noted that the results were "fair;" these 2 patients received subsequent revisional surgery to address residual nasal deviation. Therefore, 13 women (87%) had surgical results that generally were regarded as successful.
No postoperative complications, such as infection, extensive hemorrhage, prolonged edema, or implant extrusion, occurred during follow up. Results are depicted for 2 study patients in Figure 5 and Supplemental Figure 1 (available as Supplementary Material online at www.aestheticsurgeryjournal.com).
DISCUSSION
Among Asian patients, nasal asymmetry is a common complication of augmentation rhinoplasty. Numerous factors may contribute to nasal deviation secondary to rhinoplasty, including failure to stabilize the nasal foundation, displacement of implant materials, warping of the rib cartilage graft, irregularity of the diced cartilage graft, or preexisting anatomic asymmetry. 1, 3, 4, [6] [7] [8] In a study by Won and Jin, 2 postsurgical nasal deviation was noted in 38% of patients who underwent revisional rhinoplasty, and the cause of nasal deviation was unrelated to the alloplastic implant in approximately 40% of these patients. For 87.5% of patients with postrhinoplasty deviation unrelated to the alloplastic implant, the asymmetry could be attributed to an underlying anatomic deviation affecting the upper two thirds of the nasal framework. 2 For patients who wish to undergo revisional surgery to correct nasal deviation secondary to augmentation rhinoplasty, preoperative procedures aimed at recognizing the cause of the asymmetry and precise surgical planning are crucial. However, diagnosis of underlying asymmetry of the bony structures is complicated by the masking effect of the implanted material. In the current study, we performed a thorough examination of the nasal bones by means of frontonasomaxillary CT. This modality enabled us to identify cases of implant malposition owing to distortion, tilting, unevenness, and/or deviation of the native nasal structures. Although it is a rare occurrence, we also determined that CT could be applied to detect occult localized abscess secondary to augmentation rhinoplasty (Figure 4) . We found that application of CT improved the accuracy and precision of surgical planning and gave the patient a clear depiction of the cause of deviation and the necessary correction. We also conducted photographic analysis and simulation as a means to ascertain the central nasal axis. Results of photographic analysis were compared with CT findings to plan the revisional procedures. In a study of facial asymmetry in rhinoplasty, Rohrich et al 9 noted that the center of an aesthetically pleasing nose is positioned on a line between the midglabella and the mid-Cupid's bow. We have found this to be a helpful guide. When treating nasal asymmetry, simultaneous correction of all asymmetric structures is essential; otherwise, residual deviation will occur.
For patients with asymmetry of the keystone region, various osteotomies have been described. [10] [11] [12] [13] Dhong 12 suggested classifying these procedures as follows: paramedian osteotomy, medial oblique osteotomy, intermediate osteotomy, lateral osteotomy, and transverse osteotomy. For an Asian patient with a low nose and mild to moderate deviation of the dorsum who presents for postaugmentation revisional surgery, we typically perform paramedian osteotomy on the concave side of the keystone area and place an extended spreader graft. 10 This technique yields a centrally located symmetric platform at the nasal keystone. For an Asian patient with a wide nasal bone, we would choose a suitable osteotomy procedure based on the patient's desired aesthetic result and on photographic analysis and CT findings. The selected osteotomy potentially would be conducted in combination with paramedian osteotomy, as described previously. 10, 12 The glabella comprises the area on the frontal bone above the nasion and between the eyebrows. The radixdefined as the root of the nose-occurs just below the nasion. A symmetric glabella-radix area is a prerequisite for centralization of the nasal axis. Of the 15 patients who presented with deviation of the nasal keystone and were included in the present study, 6 patients (40%) also had asymmetry of the glabella-radix region. Revisional surgery in these patients involved correction of both anatomic deviations to shift the nasal axis to the midline. Whereas numerous procedures have been described to treat nasal asymmetries, 12,14 few investigators have addressed glabella-radix deviations.
In a case series study of 631 patients, Cho and Jang 14 classified nasal deviation into 5 types based on the bony pyramid and the cartilaginous dorsum. Type 5 involves a straight, tilted bony pyramid and a cartilaginous dorsum that is tilted in the same direction. These authors noted that the 72 (11.4%) patients categorized preoperatively as having a type 5 nasal deviation had the highest rate of unsuccessful postsurgical outcomes (42%). 14 In our opinion, this finding may be attributed to a failure to address glabella-radix asymmetry, thereby preventing the nasal axis from being positioned on the midline. Glabella-radix asymmetry can be treated with multiple procedures, 5, 15, 16 including injection of hyaluronic acid, fat grafting, 17 and placement of synthetic or autologous implants. These procedures have several limitations. The effects of hyaluronic acid injection are temporary, and the patient must undergo repeated treatments to maintain the A B C aesthetic result. Autologous fat grafting does not allow for precise contouring, and the survival rates of adipose grafts can be unpredictable. Silicone implants are not pliable enough to fit the curvature of the glabella-radix region. Our preference, and that of others, 5 is soft ePTFE (GoreTex) because it yields stable and predictable results. If a patient favors autologous tissue for augmentation, a retroauricular fascia graft can be positioned in the nasal region relatively easily and has a more predictable resorption rate than does a fat graft. 15, 16 To our knowledge, the present study is the first to address asymmetry of the glabella-radix region accompanied by a low dorsum in Asian patients. The surgical procedures we performed have been described previously, but no investigator has applied these techniques as an integrated solution for nasal deviation after augmentation rhinoplasty. To achieve a smooth nasal contour, we advocate placement of a so-called chimeric implant 5 composed of dorsal and glabellar modules fixed to each other with sutures. The chimeric implant frequently is constructed with ePTFE (Gore-Tex) but also can be prepared with septal or rib cartilage for the dorsal component and retroauricular fascia for the glabella-radix component.
This study was limited by a relatively small sample size. Our findings will need to be verified by larger studies with longer follow-up periods. Nevertheless, our results suggest that application of CT and photographic analysis to postaugmentation revisional rhinoplasty can yield effective and favorable results for patients with underlying asymmetry of the bony vault. Moreover, no complications were recorded. Based on the findings of this study, we now perform detailed photographic analysis for patients with a flat nose who wish to undergo augmentation rhinoplasty. When an asymmetric nasal framework is suspected, we recommend CT to improve preoperative planning.
CONCLUSIONS
CT findings can be instrumental for revealing underlying bony asymmetry in patients with nasal deviation secondary to augmentation rhinoplasty. To reposition the nasal axis on the midline, we recommend G H I J 
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